A toy model based upon the q-deformation description for studying the radiation spectrum of black hole is proposed. The starting point is to try to consider the spacetime noncommutativity and to realize it by using a qdeformation algebraic technique. We calculated the radiation spectrum of Schwarzschild black hole in this framework. The new distribution deviates from the standard thermal spectrum evidently. The result indicates that some correlation effect will be introduced to the system if the noncommutativity is taken into account. The further argument implies that the result seems consistent with the UV/IR correspondence in superstring.
parameter q approaches to 1. We all know the black hole physics is a typical Planck scale physics, so the spacetime noncommutativity shall bring an important influence into the course of the particle creation near black hole, namely black hole evaporation. However, it is well-known that the prediction of black hole evaporation was derived by using classical general relativity partially combining with quantum mechanics, i.e. the so-called theory of quantum fields in curved spacetime, and the spectrum of the radiation was proven to be a precisely thermal spectrum [7, 8] . The laws of quantum fields in curved spacetime are only semi-classical, and should be valid only for low energy scale. It can be imagined that the noncommutativity related to small distant should play an important role in black hole evaporation. Though we still have no enough knowledge about the underlying theory, quantum gravity, we can make an attempt to consider some noncommutativity effects in the framework of quantum field theory in curved spacetime.
In this paper, we suggest to describe scalar particles live in the noncommutative spacetime by using the algebraic relation (1) , and our purpose is to consider the black hole evaporation within this framework. It has been found that such a simple assumption will bring productive fruits. First, the spectrum we obtained deviates from the thermal spectrum evidently, which indicates that some correlation effects are introduced apparently. This maybe helpful for understanding the paradox of information loss [9] . Second, the new spectrum takes on some weird behavior, namely infrared divergency. It is interesting for us, because that divergency always implies new physics, so we can view that some hidden, new physical mechanism which we neglect plays the role. On the other hand, however, perhaps our method is not applicable at low frequencies. In any case, an infrared cut-off is necessary, which seems consistent with the UV/IR correspondence principle in the superstring theory [10, 11] ,since the infrared cut-off is the consequence of the ultraviolet modification.
For a boson system, the q-deformed algebra (1) can be easily realized by the ordinary boson operators [12] 
where we have used the notation [x] q = q x −q −x q−q −1 , and the ordinary boson commutation relation is [a,
According to (2) , it is easy to check that {N, a q , a † q } realizes the q-deformed Weyl-Heisenberg algebra (1) , with the representation space basis
which satisfies
where
Using the formalism of the boson realization of the deformed algebra, one can easily demonstrate that the Fock basis of the deformed algebra is the same as the one of the ordinary algebra, namely
In the following, Hawking's computation of black hole evaporation will be briefly reviewed, then a radiation spectrum associated with the q-deformed scalar particles will be derived by using the above ordinary boson realization of the q-deformed algebra.
Consider, now, the background spacetime of a Schwarzschild black hole appropriate to a collapsing spherical body. For simplicity, we only consider a single massless scalar field φ which is coupled to gravity minimally [13] . Near the past null infinity I − , the quantum field φ can be expanded as
where the label "in" denotes the incoming process; {φ in } is an orthonormal basis of the one-particle Hilbert space H in which is constructed in Minkowski spacetime, and φ in represents the complex conjugate function of φ in ; a † in and a in are boson creation and annihilation operators corresponding to {φ in };
which associates with each state in L the Minkowski spacetime state it "looks like" in the past; and the notation σ is used to distinguish different modes. Near the future null infinity I + and the event horizon of black hole, the field reads
where the subindex "out" denotes the outgoing process; {φ out } is an orthonormal basis of the one-particle Hilbert space H out constructed in flat spacetime, a † out and a out are boson creation and annihilation operators corresponding to {φ out }; W out denotes the isomorphism map, W out : L → L S (H out ), which associates with each state in L the Minkowski spacetime state it "looks like" in the future.
The next step is to extend φ out to the whole background spacetime. Therefore, near the past null infinity I − , the form of φ out can be expressed as the linear combination of φ in and
where A σσ ′ and B σσ ′ are Bogoliubov transformation coefficients, satisfy the following rela-
Inversion of (9) leads to
One of the important issues to consider is how the characterization of the states of the field as "in" states compares with their characterization as "out" states. This is given by the S-matrix,
Given any "in" state Ψ ∈ L S (H in ) describing how the state "looks" at early times, the "out" state SΨ ∈ L S (H out ) describes how the state "looks" at late times. Hence, the following
tells us the spontaneous creation of particles by the gravitational field of black hole.
Using (7)- (12), with the orthogonality and completeness of the basis, one can obtain the relation between the "out" particle operators and the "in" ones
The expected number of particles spontaneously created in the state σ can be expressed as,
By means of (13) and (15), in addition with Schwarzschild solution, the distribution of particle number can be given [7, 8] 
with the form of standard thermal spectrum, which was first derived by S. Hawking, where T H is the Hawking temperature
and the surface gravity κ can be expressed as
where G is the Newton's gravity constant, and M is the ADM energy of black hole. Above, the Hawking's theory of the evaporation of black hole was briefly reviewed. We considered a background spacetime of a Schwarzschild black hole from a collapsing spherical body, and only a single massless scalar field with a minimal coupling to gravity was taken into account for simplicity. The distribution of radiation particle-number was proven to be on the form of black-body spectrum according to the Hawking's theory. If the spacetime noncommutativity is taken into account, it should be expected that the radiation spectrum deviates from the standard thermal-form. We have proposed to describe the noncommutativity by means of the q-deformation scheme, i.e. we can simulate the particles live in the noncommutative spacetime near black hole by using the q-deformed algebra (1), from which a different radiation spectrum can be derived. Below, we will substitute the q-deformed particles to the normal ones, and recover the black hole radiation spectrum in the noncommutative spacetime.
It has been proven that the Fock space basis would not be changed by the q-deformation, namely the representation of the deformed algebra is the same as that of the normal algebra. That is to say, the relationship between the "out"-state and the "in"-state will be preserved as (15) under the q-deformation. Hence, the expected number of particles in the σ-th mode of black hole radiation in the noncommutative spacetime background will be
To evaluate this expectation value, an approximation is used:
and further we get
Therefore, the result can be obtained easily under the approximation
For convenience, we re-express the deformation parameter as
Therefore, the expectation value of the number of radiated particles in the state σ of the deformed system can finally be on the form
In the following, let us calculate the energy spectrum. The quantum numbers of every mode can be labelled by ωlm, namely σ = (ωlm). According to the particle number distribution (24), the number of particles with the angular momentum l per unit time in the frequency range ω to ω + dω, passing out through the surface of the sphere, can be get
where σ l (ω) is the grey-body factor, and (2l+1) is the degeneracy of the angular momentum. Thus the total outgoing energy flux (luminosity) of the black hole is given by
This is just the total energy flux expression of the massless scalar radiation field with qdeformation in the noncommutative spacetime background of black hole. As we set η = 0, the original Hawking radiation will be recovered, namely
The difference between (26) and (27) can be viewed as the consequence of the spacetime noncommutativity. Furthermore, it implies that some correlation effect among the radiation particles perhaps exists due to the noncommutativity. This point seems helpful for understanding the paradox of information loss. We now analyze the radiation energy-spectrum in detail. Since the s-wave in the energy spectrum is dominant, in addition that the gray-body factor of the s-wave is a constant, we will only analyze the s-wave for convenience. The radiation energy distribution of the s-wave can be expressed as
where A is the s-wave gray-body factor, with the value event horizon area of black hole, A H . If the parameter η is set to be 0, the distribution (28) will be reduced to the standard black-body radiation distribution. However, if the parameter η deviates from 0, even if slightly, the distribution-shape will be changed evidently comparing to the shape of the black-body radiation, especially in the infrared region. Fig.1 shows the distributions as η is taken to be 0, 0.8, 1.4, and 2, respectively (from up to down, near the wave crests, in turn η = 0, 0.8, 1.4, 2). We can see explicitly that the infrared divergency occurs when η deviates from 0. It implies that the physics in infrared region will be influenced by the ultraviolet modification which comes from the consideration of spacetime noncommutativity. This phenomenon seems consistent with the UV/IR correspondence principle in the superstring theory. Moreover, it seems that some new physical mechanism hides in the infrared region. A natural treatment within the framework of our model is to introduce an infrared cut-off. It should be pointed out that the infrared cut-off always be necessary for the states count outside the black hole. In 't Hooft's brick wall model, an infrared cut-off was imposed in the WKB approximation for solving the number of states, g(E) [14, 15] . For our prediction about the infrared cut-off, it looks more natural. In addition, we should mention that, by different considerations, Bekenstein and Mukhanov ever gave a minimal frequency ω 0 , as the fundamental quanta of the system of black hole, to characterize the quantum gravity of black hole [16] 
Of course, there still exists another possibility, that is our method is unsuitable in the low frequency region. However, in any case, it seems that an infrared cut-off is necessary. In what follows we will evaluate the position of the cut-off. Since the exact solution is difficult to get, we only give an approximate evaluation. First, we have
where x = ω/T H , and we have expanded the sinh-function up to cubic term. For solving the extremum, we have
In the second step, e x ≃ 1 + x is used. Then, the stationary points can be obtained
In our opinion, the minimal frequency of the system, if it exists, should be ω m1 . In addition,
for our interest, if we identify the ω m1 with the Bekenstein ω 0 , an appropriate value of η can be determined, that is
Naively, we can view this value as an important parameter to characterize the property of quantum gravity of black hole in some sense. Fig.2 shows the situation in η = 1.35 contrasting to the standard one.
The spectrum with η = 1.35 comparing to the standard thermal spectrum.
Likewise, as an extension, for massless bosonic particles with spin s, the total flux can be also derived by the same q-deformation technique
where g s is used to denote the degeneracy of spin with the value 2 for nonzero spin and 1 for zero spin, σ s,l (ω) is the gray-body factor of black hole. Furthermore, we switch to Schwarzschild black hole in D dimensions. The metric of such a black hole is
The relation between the horizon radius and the black hole mass is
where G D is the Newton's gravity constant in D dimensions and M is the ADM energy of black hole. The black hole has a Hawking temperature
The density of state of the radiation can be written as
where g 
Then, the total flux of the spontaneously created q-deformed particles by the gravitational field of black hole in the D dimensional spacetime, can be obtained
The starting point of this paper is the spacetime noncommutativity. We postulate a kind of q-deformed physical degrees of freedom to realize the spacetime noncommutativity.
Using the q-deformed degrees of freedom, we try to resume considering the Schwarzschild black hole evaporation in the noncommutative spacetime. A new spectrum of the black hole radiation is obtained by means of the ordinary boson realization of the q-deformed algebra, which deviates from the standard thermal spectrum evidently. It seems that some correlation is introduced to the radiation system. The universal existence of the infrared divergency implies that perhaps some unknown physical mechanism plays a role in the infrared region.
In the framework of our model, an infrared cut-off is introduced. The influence of the infrared behavior by the ultraviolet modification embodies the UV/IR correspondence principle in the superstring theory.
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